measure important and relevant outcomes accurately and efficiently. Such an instrument could provide several benefits, including promotion of evidence-based practice, clinical pathways, enhancing programme outcomes, and serve as the basis for research-based, quality improvement initiatives.
Heinemann et al. (4) completed a comprehensive literature search to identify generic and orthotic-and prosthetic-specific outcome instruments. This search yielded several dozen instruments, but an informal survey revealed little use of any outcome measure by clinicians. In most studies, authors use patient acceptance and wearing time as the main rehabilitation outcome (2) (3) (5) (6) (7) (8) (9) (10) (11) (12) (13) . Other approaches are to use clinical evaluations or self-report questionnaires. The disadvantages of clinical evaluations are the amount of time required and the often weak relationship between a patient's task performance in the clinic and actual use of the prosthesis in real-world situations (14) . Questionnaires evaluate a greater number and diversity of tasks than is normally possible in an observational functional assessment (14) . Unfortunately, there is a dearth of valid, reliable, sensitive and reasonably short measures for assessing rehabilitation outcome after upper limb amputation, assessing functional status from the patient's perspective, and evaluating the benefits of various prosthetic components (15) (16) .
One attempt to remedy this shortcoming was the work of Heinemann et al. (4) . They developed the Orthotics and Prosthetics User Survey (OPUS) with input from an advisory committee that included clients, orthotists, prosthetists, physical therapists, occupational therapists and physiatrists. They focused OPUS on upper extremity and lower extremity functional status, health-related quality of life and client satisfaction. While they developed a promising item-set, their sample of patients with upper extremity limb loss was small, thus limiting evaluation of the psychometric properties of the upper extremity functional status (UEFS) module.
The purpose of this study was to evaluate the measurement properties of the UEFS module of OPUS using Rasch analysis. Such an analysis could serve to evaluate a promising item-set for clinical application.
MATERIAL AND METHODS

Participants
Participants were a convenience sample of 61 adults (45 men, 73.8%), who had unilateral upper limb amputations and who had completed rehabilitation at the Institute for Rehabilitation in Ljubljana, Slovenia, at least one year prior to the study. The demographic and clinical characteristics of the study population are reported in Table I . Thirty-four of the 61 patients (55.7%) had undergone amputation of the dominant hand. Two patients (3.3%) had never received a prosthesis, 32 (52.5%) had tried only one type of prosthesis, 21 (34.4%) had tried 2 types and 6 (9.8%) had tried 3 types of prosthesis.
Local ethics committee approval of the study was obtained. The participants were informed of the experimental protocol, and provided their written consent prior to participation.
Assessment
The UEFS asks patients to evaluate the ease of performing 23 self-care and instrumental activity of daily living items. The framing question was "Please indicate how easily you perform the following activities." Subjects responded on a 5-point rating scale: 0 = cannot perform activity; 1 = very difficult; 2 = slightly difficult; 3 = easy; 4 = very easy. An additional question asked if each activity is performed using or not using the prosthesis. Unlike other functional status instruments, assistance from another person was not assessed. UEFS was developed by reviewing item content from a variety of published instruments, developing, revising and field-testing items pertaining to functional status. Field testing consisted of telephone interviews with a sample of past recipients of orthotic and prosthetic services at the Rehabilitation Institute of Chicago. The sample of 37 included primarily adult and child orthotics and prosthetics users with upper limb loss and dysfunction. Unpublished results of the upper extremity functional item-set were promising, with excellent reliability (person and item separation reliability = 0.91). Only one item (don and doff a shirt) misfitted the Rasch model.
In the current study, all patients were assessed by the same occupational therapist who read the questions and scored the responses.
Statistical analysis
In recent years, there has been a growing trend to use the Rasch model to facilitate the development and validation of outcome instruments (16) . Rasch analysis provides psychometric information that is not obtainable through classical test theory (17) (18) , including: (i) the functioning of rating scale categories; (ii) the validity of a measure by evaluating the fit of items to the latent trait; and (iii) the consistency of item difficulties with the expectations of the construct (and hence a description of the range and hierarchical relationship of the variable). Indeed, Rasch analysis has been recommended as a method for assessing scale properties in addition to classical psychometric criteria for reviewing and assessing surveys and questionnaires for disability outcomes research (19) . WINSTEPS software (20) implements the Rasch model. The matrix of single raw scores for each subject underwent a Rasch analysis (rating scale model).
We began by investigating the rating scale properties of OPUS UEFS. We evaluated the response categories using criteria suggested by Linacre (21): (i) at least 10 cases per category; (ii) even distribution of category use; and (iii) monotonic increase in both average measures of persons with a given score/category, and thresholds. Thresholds (or step calibrations) are the ability levels at which the response to either of 2 adjacent categories is equally likely. Additional criteria are: (iv) category outfit mean square values less than 2 (see below); and, (v) threshold differences larger than 1.4 log-odd units and lower than 5. We collapsed categories following these guidelines, and compared different solutions, examining not only the category diagnostics listed above, but also reliability indices. We were guided by a desire to select a solution that maximized statistical performances and clinical meaningfulness.
Next, we evaluated internal consistency by evaluating the fit of individual items to the latent trait (unidimensionality) and validity by comparing the item difficulties with the model expectation. Information-weighted (infit) and outlier-sensitive (outfit) mean-square statistics (MnSq) for each item were calculated (similar to a χ 2 analysis) to test if items fit the model expectations. In accordance with the literature (16, 18) , we defined acceptable fit as mean-square values in the range of 0.6 to 1.4. Items with larger values were considered misfitting, while items with smaller values were considered over fitting.
Reliability was evaluated in terms of "separation" (G), defined as the ratio of the true spread of the measures with their measurement error (17) (18) . The item separation index gives an estimate (in standard error units) of the spread or "separation" of items along the measurement construct; the person separation index gives an estimate of the spread or separation of persons along the measurement construct. This index reflects the number of "strata" of measures that are statistically discernible. A separation of 2.0 is considered good and enables the distinction of 3 strata, defined as segments whose centres are separated by distances greater than can be accounted for by measurement error alone (17) . A related index is the reliability of these separation indices, providing the degree of confidence that can be placed in the consistency of the estimates (range 0-1; coefficients > 0.80 are considered as good, and > 0.90 excellent) (18) .
Finally, principal component analysis of the standardized residuals was performed as a further confirmation of the unidimensionality of each scale (proportion of variance attributable to the first residual factor compared with that attributable to Rasch measures) and of the local independence of each item (i.e. the independence of item measures from extraneous variables, once their belonging to the shared construct has been ascertained) (20, 22) .
We evaluated the construct validity of the UEFS by comparing the Rasch-derived measure of patients with different levels of amputation (using Kruskal-Wallis one-way analysis of variance), and for patients with trans-radial amputations also dominant (n = 21) vs non-dominant side (n = 19; using the Mann-Whitney U test).
Descriptive statistics (frequency distribution, mean values, percentage of patients performing each activity with prosthesis) are calculated for each of the 23 UEFS items. Table I shows the demographic, clinical and functional characteristics of the sample. The UEFS median raw score (25th-75th percentile) was 53 (46-59); only 1 patient obtained a maximum score. The rating scale diagnostics showed that level one of the 5 rating categories did not comply with the criteria for category functioning (Fig. 1a) . The criteria were met by combining levels 1 ("very difficult") and 2 ("slightly difficult") of UEFS into a single category, obtaining a new 4-level rating scale (0-3 points) (Fig. 1b) . After combining these rating scale categories, 21 of the 23 UEFS items fit the underlying construct (MnSq between 0.6 and 1.4) ( Table II) . Item 11 "Cut meat with knife and fork" and 19 "Use a hammer and nail" misfit the model (Infit MnSq > 1.4), while no item over fit. Fig. 2 shows the map of patient ability and item-difficulty. Ability levels (non-extreme scores) spanned more than 6 logits (from -0.91 to 5.55) and the average measure was 2.09. The mean error estimate for the subject ability levels was 0.42; in the near-maximum scores the error was higher but acceptable (0.81). Item-difficulty estimates spanned a range from -1.91 to +4.18 logits (Table II and Fig. 2) .
RESULTS
Principal component analysis of the standardized residuals revealed that only 3.1% of the unexplained variance was accounted for by the first factor, whereas the variance explained by the Rasch-derived measure was 80.1%. The correlation between the item residuals suggested acceptable (< 0.5) local independence across most items (i.e. the value of 1 item has no influence on the value of another, once the underlying variable has been accounted for). The largest item residual correlations were between item 9 (drink from a cup paper) and item 15 (open door with knob, 0.62) and item 16 (use a key in a lock, 0.55), and between item 16 and item 12 (pour from a 12 oz can, 0.51).
After rescoring to a 0-3 rating scale, the item separation index of the 23-item UEFS was 6.04 and the corresponding item for the item as a whole is the mean value of the difficulty measures of the thresholds along that item. The higher the item estimate, the less likely it is (for any subject) to gain a high score. . The y-axis represents the probability of responding to 1 of the rating categories and the x-axis represents the different performance values [subject ability minus the item-difficulty] in logits. The "0" curve declines as the subject's ability increases; the crossing point (where 0 and 1 are equally probable) is the first "threshold". The same applies for the other curves. (a) This graph shows that the probability of using category 2 is never higher than that of adjacent ratings. (b) This graph shows that the probability of selecting each of the 4 revised rating categories (0-3) is a clear function of the level of ability shown by the subject in the x-axis. Correspondingly, the "thresholds" are ordered (e.g. a greater ability is required when the most likely response is 1 rather than 0, 2 rather than 1, etc.). (11, 19 ) and 2 items with high residual correlations (9 and 16). The 19-item UEFS had an item separation index of 5.20 with a corresponding item separation reliability of 0.96; person separation was 2.68 and the corresponding person separation reliability was 0.88. The people distinguish 7 strata of items, and the items were able to distinguish more than 3 levels of subject ability. Fig. 3 provides a key form for clinical use. Therapists can circle the responses to each item that is evaluated and estimate a measure by drawing a line that best fits the responses. For example, a patient obtaining a raw score of 25 from the 19 items retained in UEFS is illustrated by a vertical line in Fig. 3 . A patient with a total score of 25 would be most likely to receive a score of 2 on washing face item (1), brushing hair (3), and using a fork and spoon (10), a score of 1 on putting on and removing a T-shirt (4), using scissors (14), and folding a bath towel (20) , and a score of 0 on attaching end of zipper and zipping a jacket (6) . Unexpected departures from this response pattern, such as a score of 3 on opening an envelope (item 21), will be evident by visual inspection.
-------+-------+-------+-------+-------+-------+-------| LOGIT
|-------+-------+-------+-------+-------+-------+-------| LOGIT MEASURE
Approximately half of the subjects used their prosthesis for 7 of 22 activities, less than 5% used their prosthesis for 5 activities, and 5-10% used their prosthesis for 4 activities (Table III) . The UEFS measure was not related to number of activities with which a prosthesis was used. Similarly, the UEFS measure did not distinguish persons not using a prosthesis for any activities from those who used a prosthesis for at least one activity.
Patients with different levels of amputation did not differ significantly on the UEFS measure. Patients with trans-radial amputation who sustained amputations on their non-dominant side (n = 19) had significantly higher UEFS scores than those with amputations on the dominant side (n = 21, z = -2.11; p = 0.034).
dISCuSSIoN
The purpose of this study was to evaluate the measurement properties of the UEFS in patients with unilateral upper limb amputation. Rating scale diagnostics provide evidence that respondents were not able to discern 2 of the original categories (1, "very difficult" and 2, "slightly difficult"). Combining the 2 categories improved the measure. Difficulties discerning the categories may reflect problems with expressing "slightly" in Slovene, a concept not used in this language. Most patients wanted to select "difficult," which was not an option, so they selected instead "slightly" or "very difficult." The 4 resulting categories represent the following levels: 0 = not able, 1 = difficult, 2 = easy and 3 = very easy. This modification eliminated redundancy of underutilized rating categories and ensured that each rating category is distinct from the others (18) .
Collapsing 2 rating-scale categories enhanced fit of the items to the Rasch model. Twenty-one of the 23 UEFS items fit the underlying construct according to Rasch model requirements. Two items misfit the model and thus were deleted. "Cut meat with knife and fork" is a bimanual activity. It cannot be performed with one hand only, but can be performed in various ways. Persons with trans-radial or distal amputations can perform the task with a hand and a prosthesis, or instead of a prosthesis, they can use a fixed fork with the stump. Subjects with elbow disarticulation or more proximal amputation can perform this task only with a hand and a prosthesis. Difficulty also depends on the type of prosthesis and patients' skill. "Use a hammer and nail" is also a bimanual activity, but some persons learn to do it with one hand if the wood is not too hard.
It cannot be done with a prosthesis with a hand as a terminal device, because the hand conceals the nail. It can be done only if subjects use a hook as a terminal device. In addition, subjects with elbow disarticulation or more proximal amputation may have problems hammering a nail higher than shoulder level. Both tasks depend on personal and environmental factors that could result in some subjects responding idiosyncratically, and thus inducing the misfitting. Four items showed high (> 0.50) residual correlations, "drink from a paper cup," "open door with knob," "use a key in a lock" and "pour from a 12 oz can." They are candidates for deletion, because their lack of local independence degrades the measurement process and increases standard errors (22) . Moreover, these items share the same span of (very low) difficulty as other items (Fig. 2) , which indicates potential item redundancy (16, 18) . All are monomanual activities rarely performed using a prosthesis (Table III) . From our clinical experience, "drink from a paper cup" and "use key in a lock" provide little additional information; thus, we decided to delete them to form the 19-item UEFS version.
The manual ability levels of this sample are not well targeted by the current version of UEFS, as shown in Fig. 2 . Compared with the mean value of 0 logits routinely assigned for items, the average ability of this sample was considerably higher than the difficulty levels of these items. Moreover, the tail of the person distribution is considerably above the highest mean item calibration, and this item (#11) misfits. Consequently, persons at high function levels are estimated imprecisely with this questionnaire. This finding reflects the sampling strategy: all patients had sustained limb loss at least one year prior to study participation. Mistargeting of the items is less likely to be a problem in a sample of patients with more recent limb loss. Items that might target the item set on the sample's ability level include "open a bag of chips" (from ABILHAND, UNB and PUFI) (23 -25) , "peel potatoes or fruits" (PUFI) (25) , "peel onions" (ABILHAND) (23), "peel orange or banana," "twist a lid off a small drink bottle" (PUFI) (25) or "sharpen a pencil" (UNB, PUFI) (24, 25) . If subjects with high manual dexterity were the target group for this test, UEFS would need to have at least one new item representing a higher difficulty, to estimate more precisely the abilities of the most able subjects and raise the ceiling.
The item hierarchy supports the UEFS construct validity. UEFS contains 14 bimanual and 9 monomanual activities. Some of the bimanual activities can be performed with one hand ("wash face," "put toothpaste on brush and brush teeth," "put on and remove T-shirt," "button shirt with front buttons," "put on socks," "carry laundry basket" and "fold a bath towel"). These tasks should be easier for subjects with amputations on their non-dominant side. The second set of items consists of activities that are more difficult or impossible to perform with one hand only ("attach end of zipper and zip jacket," "tie shoe laces," "cut meat with knife and fork," "use scissors," "use hammer and nail," "open an envelope" and "stir in a bowl"). We expected these to be the most difficult items and that subjects would more frequently use their prosthesis to do them. Fig.  2 and Table III show that the results support our expectations about task difficulty. For both misfitting items ("cut meat with knife and fork," "use a hammer and nail") fewer subjects than expected used a prosthesis. These activities had the first and the second highest number of missing values, which includes subjects who do not perform the activity. These tasks can be performed in a variety of ways. Subjects used their prosthesis more than 30% of the time for all other items that we thought would be difficult to perform with one hand and for 2 tasks that can be easily performed with one hand ("carry laundry basket," "fold a bath towel"). These findings are consistent with our clinical experience.
The high item separation reliability indicates that great confidence can be placed in the replicability of item placement in other samples. The targeting and spread of item-difficulty (see Fig. 2 ) and the quite high person separation reliability show that the scale is appropriate for measuring with satisfactory precision persons with a wide variety of functional ability. The precision of ability estimates for high-functioning subjects (greater than 6-7 logits) is lower but still acceptable: the error is about 15% of the corresponding measure. However, the item-difficulty span decreases when the misfitting item "cut meat with knife and fork" is removed.
We found that patients with trans-radial amputation who sustained amputations on their non-dominant side had significantly higher function than those with amputations on the dominant side. Opinions on the importance of manual dexterity and loss of the dominant hand differ considerably. Stürup et al. (6) reported that a prosthesis is more widely used by persons with amputation of the dominant hand; in contrast, Roeschlein & Domholdt (3) reported that the loss of the dominant hand had no influence upon the successful use of a body-powered prosthesis. Burger et al. (8) reported that all prostheses and particularly those with functional uses are worn mostly by subjects with non-dominant amputations.
Care should be taken in generalizing these results because the study sample represented a single facility with a high prevalence of traumatic trans-radial amputations. Subjects' rating scale use may also reflect features of the Slovene language. Nevertheless, the results of this study provide a useful starting point for further refinements, including: (i) analysis of the revised, 4-category rating scale; (ii) a study of differential item functioning (i.e. the stability of item hierarchy across subsamples defined according to relevant clinical criteria such as age, type of prosthesis, amputation level and side); and (iii) the testing of new items with greater difficulty (e.g. "open a bag of chips by hand," "peel potatoes" (or fruits), "twist a lid off a small drink bottle," or "sharpen a pencil"). We recommend evaluating the UEFS with different samples (e.g. subjects after bilateral amputation, using myoelectric prosthesis) and with subjects with varied amputations, including trans-radial amputation, shoulder disarticulation and partial hand amputation, and subjects with amputations due to tumour, and patients during rehabilitation and training of prosthetic use.
In conclusion, Rasch analysis allowed us to improve the measurement properties of UEFS by adopting a 4-category solution and identifying 19 items that are most useful to measure a construct that is unidimensional and demonstrates internal construct validity. The high reliability allows one to place great confidence in the consistency of both person-ability and item-difficulty estimates. This new instrument (UEFS 2.0) is a promising measure of manual functioning after unilateral upper limb amputation.
